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Summary

This review explores the quality and the rehabuluty of the growth velocity results of Studnes 3069b, 3072b and 3100b.
Study 3069b compared budesonide to a control group of non-corticosteroid asthma therapy, whereas Studies 3072b
and 3100b compared budesonide to a control group (that included a variety of inhaled corticosteroids). As stated in the
previous review of the clinical study report for Study 3069b submitted to the original NDA, the results of Study 3069b
provide some evidence that BNS affects growth velocity in children. However, the results should be viewed with caution
due to problems with study design (open-label, patient self-selection, no washout period between two phases of the
study), study conduct (high, differential dropout rates and oral corticosteroid use) and data analysis (post-hoc selection
of patients, endpoint, and method of analysis). The results of Studies 3072b and 3100b appear to suggest a beneficial
effect of BNS on growth velocity over the control group (inhaled corticosteroids other than BNS). However, in addition to
the problems of study design and conduct described above, the control groups used in Studies 3072b and 3100b were
not adequate. The control group patients were treated with a variety of different inhaled steroids and the procedures for
dose reduction were required only for the BNS arm, not the control arm. The direction and magnitude of the bias
‘ntroduced by the problems associated with study design and conduct is unknown. Therefore, the estimates of the
ifferences in mean growth velocities from these studies are unreliable and should not be in the label.

1  BACKGROUND AND STUDY DESIGN 2
(-]

2 PROPOSED LABEL 4

3 RESULTS ; reevenssesses 5

31 DEMOGRAPHICS ....ccoieviriteirrerenrneaesmesnseesensssssesssrassasssssssssossnsssasntsnsssassnns eseesasastessessasssessessesssssseesssssesssssesseostssesessassesntennertensasses 5

3.2 STUDY CORDUCT ..ctiverinsacirencecsririnseesienestosssssssssersassusessessesssssersasasssassessasstesessinssrmisessstscrcasesncossssessassasessamssassssnsssesssssneesenses 6

33 GROWTH VELOCITY RESULTS '
3.3.1 Sponsor’s Analyses.......................... eaten ettt e e e st en st ee e bR SR SRS RS SRS R L R R e d st et e e nta st e sesanrase b ran
332 REVIEWET 'S ARGIYSES ...ttt e e bbb

4 CONCLUSIONS ' 10
5 APPENDIX : ' 12
5.1 SCATTER PLOTS OF AGE AND GROWTH VELOCITY
5.2 GROWTH VELOCITY CURVE ..cooititeeteetreieesssssserssseessesssssssssessssssssssasssssssssessossesssssessssssssossesassrssssassssssessssssssssensessesntessassesannsessnes
53 SPONSOR’S Z-SCORE........ 00 S
54 REVIEWER'S DATASET DELETIONS .veiiviittreteresasenresesasesnnesnseassessessessssssessonsnnsssrsnssnessssssossssssesssesssssssssesssennssnssessessessesessnssassanes
55 ASTHMA SYMPTOM SCORES....uuecreeeeteeseeteeessessssnsosaserssssesasessssssssssssassessesssssssssnassesssossaess
56 PREDNISONE USE ....oveeiitieieeniemeieeinseeeeresreseessesessssnsessssessssssssasersssessesnossosssssssessssoscassssssssssos Bsesssessessnssssassesssssnsesssessntasssssnsen
5.7 DROPOUTS ...ocriieetecieeessssenseesssossesssssssnssssunsnnsacssanssns

5.8 INDIVIDUAL PATIENT (GRAPHS «.couvemreeeieriniiescssesasssneassssssesssssasassssssssssnsssssssssnes




1 Background and Study Design

“he sponsor submitted two studies to this supplement, Studies 3072b and 3100b (see Figure 1 below). Studies 3069b
_submitted to the original NDA), 3072b, and 3100b were 52-week open-label extensions of Studies 3069, 3072 and
3100, respectively (see Statistical Review and Evaluation NDA 20-929, May 6, 1998, for a review of Studies 3069,
3069b, 3072, and 3100). These long-term open-label extension studies were designed to assess safety factors of
budesonide nebulizing suspension (BNS). One of the safety endpoints was growth velocity. As reported in the clinical
and statistical reviews of the original application, Study 3069b found a statistically significantly lower mean growth
velocity in the budesonide treated patients compared with the growth velocity of patients who received alternative, non-
steroidal therapies. The sponsor's results in the current submission are somewhat inconsistent with this finding,
suggesting a beneficial effect on growth in comparisons with patients who received a variety of alternative therapies,
including treatment with other inhaled glucocorticosteroids. This review summarizes the results of these three open-
label safety extension studies. (Study 3069b is included in this review for comparison of resuits.)

Figure1
12-Week Efficacy 52-Week Safety
& Safety Studies Extension Studies

3069 C— 3069b

3072
3100
Table 1: Summary of Studies
| Study Number
04-3063b 04-3072b 04-3100b
~Number Randomized to Open-label 272 _ 91 307
. extension
Dates Conducted 10/94-12/96 8/95-11/97 11/95- 6/97
BNS starting dose 0.5mg QD 0.5 mg BID 0.5mg QD
Control"Group: included Beta2-agonists, no inhaled inhaled gluco- inhaled gluco-
methylxanthines, inhaled non-steroidal glucocorticosteroids . | corticosteroids corticosteroids
anti-inflammatory agents allowed allowed allowed
| Age Range 9 months to 9 years 4-9 years 9 months to 9 years
Severity of Asthma Non-steroid dependent Inhaled steroid Mild to moderate
asthmatic patients dependent asthmatic asthmatic patients
: : patients ‘
Treatment Period 52 weeks 52 weeks , 52 weeks
Number of Investigators/Sites 28 investigators at 26 18 investigators at 17 38 investigators at 38
sites sites sites '
Asthma Medications allowed prior to Bronchodilators, Inhaled steroids inhaled steroids
randomization of the double-blind period cromolyn sodium, {required), {optionat),
nedocromil sodium bronchodilators, - bronchodilators,
cromolyn sodium, cromolyn sodium,
nedocromil sodium nedocromil sodium

For most patients, entry into the open label study immediately followed their completion of the double-blind phase.
About 40% of the patients in Studies 3072b and 3100b had already completed the double-blind phase and were called
back for entry into the open-fabel phase.! Patients entering the open label! study were re-randomized (2:1) to either BNS

' In Study 3069, some patients may have had a period of a few months in between phases due to an early protocol that did not allow
natients who dropped out of the double-blind phase to continue in the open-label phase. An amendment to the protocol changed
he rule and allowed dropouts to enter the open-label phase. Some of the patients who had dropped out before the amendment was
approved were called back and re-entered the study, in the open-label phase. (The sponsor did not state to how many patients this
applied.) In Studies 3072 and 3100, the original design did not include an open-label treatment phase. Amendment #1 added the
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or Conventional Treatment (CT). The “conventional treatment” arm in all of the studies mcluded Beta2-agonists,
methyixanthines and inhaled non-steroidal anti-inflammatory agents. The CT patients in Studies 3072b and 3100b were
also allowed to use inhaled glucocorticosteroids. (it should be noted that there is evidence that, as a class, inhaled
_glucocorticosteroids siow growth velocity.) Patients randomized to BNS received a starting dose of .5 mg QD in Studies
769b and 3100b and .5 mg BID in Study 3072b. In all studies, the protocol stated that at every visit the investigators
* should address the issue of reducing BNS patients to lower doses. The protocols of Studies 3072b and 3100b did not
state that the investigators should try to reduce the levels of inhaled corticosteroids for the CT patients.

Continuing into the open-label extension phase was optional for pauents The percentage of patients who continued
was greatest in Study 3069 (76%) and least in Study 3072 (51%).

Figure 2
12-Week Efficacy . 52-Week Safety
& Safety Studies *'Extension Studies
3069 3069b
3072 - 3072b.
3100 - 3100b

After randomization, about 2-10% of the patients discontinued before the second visit (see Table 2). There were
differences in percentages across treatment groups with a higher percentage of these early discontinuations among the
patients randomized to CT. (Dropout rates are discussed in detail in Appendix, page 18).

Table 2: Discontinuation Rates Before Second Visit

Study 3069b Study 3072b Study 3100b
CcT 6/90 (7) v 3/30 (10) 10/103 (10)
BNS 3/182 (2) 1/61 (2) 4/204 (2)

Reviewer Comment

As is standard practice, these safety studies measured a number of safety endpoints, including: adverse events,
laborat@ry values, vital signs, HPA-axis, oral and nasal fungal cultures, skeletal age, and growth velocity. The protocols
did not select a “primary” safety endpoint.

About 60% of the patients started the open-label phase with no washout period after the double-blind phase. Since
some of these patients were taking BNS during the double-blind phase while others were taking placebo, any effects of
the double-blind treatment medication may have carried over into the open-label phase.

Randomization is expected to balance patients with baseline characteristics (known and unknown) across treatment
groups. However, it may not have been effective in these open-label studies. It appears as though the patient
populations were somewhat “self-selected”, due to differences in early discontinuations. Patients with less than two
datapoints cannot be evaluated in this trial, therefore these early discontinuations may have changed the population of
evaluable patients.

open-label-extension to the studies, allowing those patients who retrospectively or prospectively successfully completed the 12-
week, double-blind treatment phase or discontinued due to worsening of asthma requiring oral corticosteroids to enter open-label.
For those patients who had completed the double-blind treatment phase or had been discontinued due to worsening of asthma
requiring oral corticosteroids at the time of the amendment, a new Visit 6A was implemented. As a consequence, 46% of the
patients in Study 3072 (49% of the budesonide patients; 40% of the CT asthma patients) and 43 % of the patients in Study 3100
(43% of the budesonide patients; 44% of the CT asthma patients) had already completed the dowuile-blind treatment phase prior to
the implementation of the amendments, and thus had a time lapse between the end of the double-blind phase and the beginning of
the open-label phase, during which they were treated with asthma medications (including inhaled corticosteroids) per the judgment
of their physicians.




.

The patiepi populations in these studies were not random samples of asthma patients. They were self-selected subsets
of patlents from three completed trials. Therefore these studies do not represent standard adequate and well-controlied
randomized clinical trials.

»addition, the control arms were not well-specified. The patients were treated with a variety of different inhaled
orticosteroids, starting at doses that were not specified in the protocol.

The open-label nature of these studies may also have contributed to differences in the way the investigators treated the
patients. The dose of the inhaled corticosteroids for the BNS patients was adjusted to meet the individual patient needs.
The protocol emphasized that the investigator should attempt to lower the dose at every visit. The investigator was not
instructed to do the same for the patients on inhaled corticosteroids who were randomized to CT. To some extent this
may have biased the results in favor of budesonide. In addition, the unblinded investigators may have added rescue
medication to the CT patients’ treatment regimen more liberally. .

As these were open-label studies, the observed results (efficacy and safety) were subject to bias introduced by the
investigators and patients. The subjective efficacy endpoints, such as asthma symptom scores, were especially biased
due to the unblinded nature of the study. The results of the efficacy endpoints are discussed in the Appendix, page 14.

2 Proposed Label

The sponsor proposed the following wording for the label regarding e . ctisonss S
P is

Reviewer Comment

The sponsor has proposed to include - e ; === Vinthe
labeling. Tnese trials are of uneven quality and dlff' cult to lnterpret The two studies submitted in this amendment
(Studies 3072b and 3100b) were not well-controlled and did not include representative samples of children with asthma.
The studies were safety studies, with no pre-specified “primary” safety endpoint. The effects of multiple biases on these
post-hoc estimates are unknown and therefore, it is impossible to determine the accuracy of the results The sponsor
aftempts to maintain some scientific equ:po:se by statlng thatthe ” = e

«== This review maintains that s in the label implies an acceptance by the Agency of the studies
as “adequate and well-controlled”, and of the est:mates as accurate. Therefore. e should not
be included in the label. The following sections explore these issues and discuss the etfects they may have had on the
reported results.
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3 Results

“he reported resduits of the three studies are difficult to mterpret Study 3068b suggested that BNS affected the growth

elocity more than did the conventional, non-steroidal treatment, while in Studies 3100b and 3072b children in the BNS
treatment groups appear to have grown faster than children who were receiving "conventional® treatments (including
inhaled steroids). Other factors (design, conduct and analysis) that complicate the interpretation of study results include:
unblinded treatments, lack of data on baseline growth velocity, self-selection into the study, previous use of study drug,
differential discontinuation, selection of patients for analysis and differential prednisone use. These issues are described
in this review.

3.1 Demographics

Table 2 below includes information describing the demographic characteristics of treatment groups in each of the three
studies. It is generally appreciated that the growth velocity of children is markedly different in different age groups.
Therefore the number and percent of children in each age group for each treatment group becomes an important factor
in assessing the resuits of growth studies. It appears from these data that, at baseline, the children in Studies 3069,
3072b 3100b were equally distributed by age across treatment groups. However, Study 3072b was different from the
other two studies in that no children 9 months to 4 years of age (a period of relatively high growth) were included in the
trial, (see Appendix Figure A2, page 13).

Table 3: Demographics Characteristics by Treatment and Study* -

30696 3072b 3100b

CcT BNS CT BNS CT BNS
n randomized 90 182 30 61 103 204
nincluded in 74 168 26 59 87 - 193
analyses )
Age Range 1-9 years 8 months-9 4-9 years 4-9 years 1-9 years 1-Qyears

years

Mean age (months) 61 59 87 82 60 56
# (%) 0-1 yrs - 8(11) 13 (8) 0 0 10 (11) 18 (9)
# (%) 2-3 yrs 15 (20) 43 (26) 0 0 20 (23) 58 (30)
# (%) 4-9 yrs 51 (69) 112 (67) 26 (100) 59 (100) 57 (66) 117 (61)
Race s
# (%) Saucasian 51 (69) 126 (75) 21 (81) 51 (86) 64 (74) 160 (83)
Gender :
# (%) Male "49 (66) 114 (68) 14 (54) 37 (63) 58 (67) 118 (61)

* The numbers and means in this table refer to the cohort of patients who were included in the reviewer’s ITT analyses (see page 7).

‘Reviewer Comment ,
Although two of the trials (Studies 3069b and 3100b) studied patients who were apparently equally distributed by age
and gender across treatment groups, there are a number of questions that remain that make it difficuit to make cross-
study comparisons. One of the most important factors related to growth studies is baseline growth velocity. The
sponsor did not include a baseline period in which to measure the growth velocity of patients in any of these studies and
therefore, did not have the data needed to 1) know how similar the patients were at baseline, or 2) analyze the influence
of this important variable on study results.

By the end of the 52-weeks. some of the patients were ten years old. It is possible that the patients had entered

puberty. The sponsor did not discuss puberty status in the study report and no data were provided regarding puberty
status. .
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3.2 Study Conduct

Compliance to study procedures was assessed for each patient at each visit in Studies 3069b and 3072b. With the
exception of the Study 3069b CT group, the percent of compliant patients over the 52 weeks was high (>80%, see Table
4 beiow).

Study drug compliance was assessed by the investigator at all clinic visits after Visit 6 (or 6A). The patients were
instructed to return all unused study drug and nebulizers at each clinic visit. The investigator then inventoried the log and
the returned study drug. In all three studies, compliance to budesonide study medication was high (>80%, see Table 4
below).

Studies 3069b, 3072b and 3100b allowed the investigators to adjust the dose of budesonide to the individual patient's
needs. Only 14-18% of the patients in the studies had the dose adjusted down from the initial starting dose and
remained at the lower dose level. In all three studies, the average total daily dose was |n the range of the starting dose
for the study.

The percentages of dropouts in Studies 3069b and 3100b were high and different across treatment groups (see Table 4
below.) In Studies 3069b and 3100b, much higher percentages of patients in the CT groups dropped out. However, in
Study 3072b lower and equal proportions of patients failed to complete the studies.

Intermittent courses of oral prednisone were allowed for the control of asthma exacerbations, as judged by the
investigator. Oral prednisone at relatively modest doses (3-5 mg/m?/day) has been previously reported to impair growth
in children, (Allen, The Endocrinologist, 1998). The percentage of patients who used oral corticosteroids was high
(>50%) and only slightly different between the treatment groups in all three studies. The Appendix pages 15-17
discusses differences in prednisone use across treatment groups for patients who completed at least 60 days of the
studies. Among these patients, the differences across treatment groups are greater.

Table 4: Sponsor's Summary of Results

3068b 3072b . 3100b
CT -BNS CcT BNS CT BNS
n randomized 90 182 30 61 103 204
Compliance to Study Procedures® 60-80% 77-90% 80-90% 84-95% Not Available®
Compliance to BNS? 82-93% 87-97% 84-93%
Mean total daily dose of BNS (mg) | = - 0.52-0.54 0.88-1.0 0.5
# (%) yho titrated down?® 27 (15) 11 (18) 28 (14)
#j%) dropout! 31 (34) 24 (13) 4 (13) 7 {(12) 29 (28) 26 (13)
# (%) used oral corticosteroids 48 (53) 84 (46) 19 (63) 34 (56) 56 (54) 105 (51)

1 The percent of patients in compliance to study procedures at the time of each visit was calculated. The range given in the table is
the range of percentages over all the visits.

2 Compliance to BNS refers to compliance with administration of BNS study medication.

3 Patients who were titrated down refers to patients who were reduced from the initial starting dose of BNS and stayed below it for
the remainder of the study.

4 Dropouts refers to patients who dropped out of the study before 300 days, or 10 months.

5 The study report did not inciude these data.

Reviewer Comment :
Compliance to study drug was only measured in the BNS treatment group, not the control arm. This is another
indication that the studies were not really “controlled trials” in the traditional sense.

High and differential dropout and prednisone use may have affected the estimate of the treatment differences. Among

the patients who were included in the analyses, there were differences in percentages of patients using prednisone and
number of days use across treatment arms. This is discussed further in the Appendix page 15.
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3.3 Gicwih Velocity Results

3.3.1 Sponsor's Analyses

“he sponsor performed analyses on the change in the standardized percent predicted height scores, or “z-scores”. The
z-scores are defined in the Appendix page13. The change in the z-scores was the dependent variable in an ANOVA with
center and freatment as factors and baseline z-score as a covanate The p-value in the table below is from the ANOVA
on z-scores. The means the sponsor — presented in the table below) are the
means from a different ANOVA on the change from baseline height (not z-score) adjusted for center and baseline
height. Table 5 below is a summary of the sponsor’s resuits.

' Table 5: Sponsor’s Growth Velocity Analyses

3069b - 3072b 3100b
CT BNS CT BNS CT BNS
n used in analysis 58 151 25 47 72 167
ANOVA on height measurements:
-Mean Growth Velocity (cmiyr) - 7.39 6.55 4.97 568 | 6.21 6.96
-Standard deviation 2.51 2.08 2.00 1.71. 243 | 234
_-Difference in growth velocities (cm/yr) 0.84 <0.71 .-0.75
_p-value from ANOVA on z-scores 0.003 0.155 0.113

In calculating these estimates, the sponsor deleted batients from Studies 3069b and 3072b. The sponsor removed one
patient from Study 3069b because the data appeared to be unreliable. The sponsor removed 7 patients from the
analysis (6 on BNS, 1 on CT) in Study 3072b because they either:

 had been taking budesonide/Pulmicort Turbuhaler/Rhinocort for long periods of time at high doses before
the beginning of open-iabel, or _
» had great “variations in height data which were judged to be unreliable” (page 64, Vol 1).

No additional information was provided to describe these seven patients.

Reviewer Comment

This reviewer concurred with the sponsor that Patient #02-0234 from Study 3069b had measurements that appeared to

be unreliable based on the previous six, (see graph for Patient #02-0234 in the Appendix page 22 and statistical review

May 6, 51998, for further discussion). However, the reviewer's analysis included the reliable portion of this patient’s data.

The sponsor did not identify which seven patients in Study 3072b were removed from the analysis nor how mahy were
removed for each reason. The reviewer's analyses included all patients from Study 3072b.

3.3.2 Reviewer's Analyses

The company presented results of completers analyses that used growth velocity slopes standardized for the standard
median height of each patient and change from baseline analyses adjusting for center and baseline height. This
reviewer performed additional analyses on the data to determine the sensitivity of the results to the statistical
methodology selected and the patients selected.

This review includes the analysis of slopes of height over time estimated using a separate regression equation for each
patient with height as the dependent variable and time as the independent variable. The slopes are estimates of growth
velocity in centimeters per year. The mean slopes were compared across treatment groups using a linear regression
adjusting for age. In summary, the resuits presented below show that the growth rates were different between the two
treatment groups in Study 3069b (CT superior), and Studies 3072b and 3100b (BNS superior).

The company’s analyses excluded patients who dropped out before 48 weeks. There v«’/ealarge differential dropout
rates in Studies 3069b and 3100b. For the' most part, both dropouts and completers appear to have grown linearly over
ime, (see individual patient cata graphs in the Appendix pages 21-40). This argues for inclusion of subjects with at least
3 datapoints in an analysis of slopes. This reviewer performed both “completers” and “intent-to-treat” analyses on the



gata.

ine completers dataset included patients who had who had at least 3 measurements and completed at least 300

days (10 months) of the study. The intent-to-treat dataset included patients who had at least 3 measurements and’
completed at least 60 days.?

\ linear regression was performed on the slopes, inclUding baseline age and treatment group as covariates. Baseline
age and baseline height were highly correlated (values ranged from 0.80-0.95), thus only one of the variables could be
included in the models. Age was chosen because it explained more of the variability in growth velocity. In Studies

3069b and 3100b, age was included in the mode! as a function 1/age to account for the curvi-linear relationship between
age and growth velocity (among patients between the ages of 9 months ard 9 years), as depicted in the growth curve in
the Appendix, page 13.

Table 6: Reviewer's Growth Velocity Analyses*

3069b 3072b 3100b
CT BNS CT BNS CT BNS
- N=59 N =156 N=26 N =55 N=74 N=177
Compl Mean Growth Velocity 7.2 6.5 4.8 5.6 6.4 71
(cm/yr) ‘ .
Standard deviation 23 - 1.8 2.1 2.0 24 2.3
Estimate of Trt Diff 0.70 0.94 . <0.53
95% Ci (0.22,1.2) (-1.9,0.02) (-1.0, -0.06)
p-value 0.0043 0.0552 0.0280
R2/ Adj R2 0.36/0.35 0.06/0.04 0.46/0.45
N=74 N = 167 N=26 N =59 N =87 N = 191
1RS Mean Growth Velocity 7.2 6.6 48 5.7 6.4 7.0
(crvyr) ‘
Standard deviation 2.7 24 2.1 1.9 2.6 2.2
Estimate of Trt Diff 0.66 0.97 -0.55
95% ClI (0.07,1.2) (-1.9,-0.03) (-1.0,-0.09)
p-value 0.0272 0.0430 0.0184
R2 / Adj R2 0.28/0.28 0.06/0.04 0.43/0.42

* Means are unadjusted. The estimate is the coefficient of the treatment variable in a linear regression on slopes with age and
treatment group as explanatory variables. A total of ten unreliable observations were deleted from the three studies, (see Appendix
page 14). The slope of Patient #27-0543 in Study 3069b was estimated to be -1.6 cm/yr This patient was included in the analysis
and the slope was changed to equal zero.

Age

An age'-by-treatment interaction term was included in the models and not found to be statistically significant in any of the
studies. Growth velocity means are presented in Table 7 by age group. The patients under 4 years were growing about
2-3 cm/yr faster than the older children on average. The treatment difference (favoring CT) in Study 3069b appeared to

be greater in magnitude among the younger patients. Some of this difference may be due to the difference in ages. The

treatment difference seen in Study 3100b above (favoring BNS) was not evident in the younger children

), perhaps due

the age difference. The BNS patients <4 years old were, on average, 3 months older than the CT patients.

Tabie 7: Mean Growth Velocity (GV) by Age Group

3069b 3072b 3100b
CT . BNS CT i BNS CcT BNS -/
<4 years - n=17 n =48 ' n=23 n =69
Mean GV (cm/yr) 9.6 7.7 (none) 8.6 8.3
Mean age (months) 279 30.8 28.2 315
2 4 years n= 41 n=104 n=26 n=>52 n= 50 n=104
Mean GV (cmiyr) 6.2 5.9 4.8 5.6 54 6.3
Mean age (months) 73.7 72.8 87.1 82.4 78.5 71.0

3

2 One patient in Study 3069b (Pt #1 1-0172) had three visits and discontinued the study after 29 days. Two patients in Study 3100b
(Pt#17-0240 and 25-0256) had three visits and discontinued the study after 58 and 49 days, respectively.
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Gender

Girls on average grew faster than boys in Study 3069b; whereas in Studies 3072b and 3100b the two groups grew
about the same with boys’ growth velocity slightly greater than girls. The boys in Study 3100b were slightly younger
than the girls, possibly accounting for this difference.

Table 8: Mean Growth Velocity (GV) by Gender

3069b 3072b 3100b.
Males n=162 n =51 n=174
Mean GV (cm/yr) 6.6 56 7.0
Mean Age (months) 59.1 83.9 55.5
Females n=79 n=234 n=104
Mean GV (cm/yr) 7.2 5.2 6.7
Mean Age (months) 60.5 82.4 61.3

A gender-by-treatment interaction was included in the models and not found to be statistically significant in any of the
studies. The means in each treatment group by gender are presented in Table 9, below. The differences seen in Study
3069b (favoring CT) were evident in both boys and giris. Similarly, the BNS advantage’in growth velocity in Study 3072b
was evident in both boys and girls. In Study 3100b, the difference (favoring BNS) was greater in magnitude in boys (0.8
“cmiyr) than in girls (0.3 cmlyr).

Table 9: Mean Growth Velocity (GV) by Gender By Treatment Group

3069p 3072b 3100b

CT BNS CT - BNS CT BNS
Males n =49 n=113 n=14 n=37 n=58 n=116
Mean GV (cm/yr) 70 6.5 5.1 5.8 6.4 7.2
Mean age (months) 59.4 59.0 84.9 83.5 58.4 54.0
Females " n=25 n =54 ‘n=12 n=22 n=29 n=75
Mean GV (cm/yr) A 7.0 4.5 5.5 6.5 6.8
Mean age (months) 63.4 59.1 89.8 784 . 65.9 59.5

Reviewer Comment
The reviewer results for these studies are similar to those reported by the sponsor.

¢ Table 10: Sponsor's and Reviewer's Estimates of Growth Velocity Treatment Differences (cm/yr)

. 3069b _ 3072b 3100b
Sponsor’'s Analysis ) 0.84 B -0.71 -0.75
Reviewer's Completers Analysis 0.70 -0.94 -0.53
Reviewer's ITT Analysis _ - 0.66 -0.97 -0.55

The difference in the magnitude of the estimates s indicative of the sensitivity of the results {o the method of analysis
and selection of patients. Both approaches are post-hoc and assume that the potential biases previously described did
not affect the estimates. It is difficult to determine which estimates (sponsor’s or reviewer's) are closest to the true
difference in treatment effects.

Overall, the sponsor's and reviewer's results show that in Study 3069b, there was a statistically significant treatment
effect on growth velocity (favoring CT). The difference in Study 3072b (favoring BNS) was also statistically significant,
however, the mode/ only explained about 4-6% of the variability in growth velocity. The small difference in Study 3100b
(favoring BNS) was more evident in the older children (> 4 years) and in the boys.

In addition to the potential bias and analytic problems described above, other factors affecting the results include
differences in dropout rates and prednisone use. These issues are explored in the Appendix Sections 5.6 and 5.7.
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4 Conclusions

The sponsor would like to include _ == < .

in the labeling for BNS. The wordmg of the proposed label does not accurately refiect the differences in

control groups in the three studies. . . : - as stated in the proposed Iabel would suqqest

to the reader that te--= sz s O 9 R TP
e However, the studies were markedly different in several ways:

» Different control groups (inhaled steroids vs. non-steroidal);
+ Different asthma severity populations; and
» Different age distributions (2 studies included patients as young as 9 months).

Even if the label described these study differences ~ s : is not appropriate
due to potential bias introduced by several factors:

Patient self-selection (based on patient discontinuations immediately aftér randomization);
Studies 3072b and 3100b not well-controlied: dose adjustment strategies of the assigned inhaled
corticosteroid were different between BNS and control groups;
Patient dropouts different across treatment and age groups;
Extensive oral prednisone use;

» Post-hoc selection of data suitable for analysis (exclusion of specific patients due to unreliable
measurements, inclusion of patients who completed specific length of time of study); and

e Post-hoc description of results (model-based mean change from baseline).

All of these factors undermine the quality of the data and the reliability of the estimates. This review maintains that
e implies an acceptance by the Agency of the studies as “adequate and well-controlled”,
and of the estimates as accurate. Therefore, should not be included in the label.

Additional Comments
In all three studies some of the patients on the budesonide treated arm and some of the patients on the inhaled
corticosteroid control arms grew faster than expected and their growt": appears to have been unaffected by inhaled
corticosteroids, whereas others are growing slowly and may have been severely affected (see scatterplots on page 11).
The ingividual variation in sensitivity to potential growth effects illustrates the need for prospectively designed studies
with wéll-defined control groups and analyses that more fully investigate the individual response to corticosteroids.
Mean differences in growth velocity from a post-hoc analysis of a study without a well-defined control group do not
adequately address the needs of health care providers to individualize the treatment of asthma in their patients.

1

APPEARS THIS WAY
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5 Appendix

5.1 Scatter plots of Age and Growth Velocity

Sab

Figure Al
Study 3069
Atc\’l h CT #26-0455 BNS #25-0284
E . !
EI‘) ] . ° o °
2 o
.g Qo "' °
-0 ] ° ° ° °
; -— ° %% ?gye ° o9
= ° o° s:o' ‘2;‘;?9'9 ° T o0, 8 g °
g o® o °% $° 2 °°o:'£90:.gn;,no o0
£ so %l 2,5';3?; L E I
& . °* " BNs
BNS #05-0248 — e ® © e—pos|
O o CT #27-0543 ©  BNS #22-0444 . 0315
0 20 40 60 80 100 120
Age (months)
Figure A2
Study 3072b
&1 BNS #09-0144
£ |
£
z, ]
S o .
Q@ v
> . o .
5 R , o:° s@ o o
g EHE AL
o CTR90316 ——s o 0 o o ° BNs
CT#17-0418 —————» © o ° o—— #17.085
o BNS#170402 ——""" o 4———— CT#I7-U43B
0 20 40 60 80 100 120
Age (months)
Figure A3
mnssnmos  Study 3100b
H ¥
~
T °
Rl
Eof .
z e e
g o : L] n° °
; -~ °‘;i€z°n.°" ° o 40 »° °® o . °
= 6°°&°° §° % ° &°g° :Q‘ °:
g 101 * e gzg{??oe*‘%?g °3::‘
Q [ °‘ °ou° -4 ° °°°o °
BNS 140212 =% ° P e - CT #31-0589
©-{BNs 1140210 - : -~ BNS 4230514}
5 20 40 60 so~o 10

CT #14-0217
Age (months) crusi-oset

12



5.2 Growth Velocity Curve

Figure A4
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5.3 Sponsor’s Z-score
The following ratio, called a “z-score” was calculated for each patient at baseline and each subsequent visit:

{Observed Height) - (NCHS Standard Median Height for age at baseline)
1 standard deviation

where NCHS stands for National Center for Health Statistics, and the standard deviation equals:

{NCHS Standard 95 percentile height - § percentile height)
2x1.845

(The sponsor referenced the .~ 3oftware Package from —~- - of the formuia of this standard

deviation.’} The endpoint was the difference between the two ratios. The sponsor then accounted for time on study; the
ratio was standardized by the number of days the patient was on study drug. The difference between the baseline ratio

and the final visit ratio was termed the “change from baseline” analysis or the “z-score analysis”. This change was the

dependent variable in an ANOVA with center and treatment as factors and baseline z-score as a covariate.

* The software package and formula have not been validated by this reviewer.
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5.4 Reviewer’s Dataset Deletions

A number of observations were deleted from the dataset due to the unlikely values (see Table A1 below). These

bservations were unlikely relative to the observations around them. Individual patient graphs are on pages 21-40. The
unlikely values can be seen graphically in the context of the values around them in these graphs. All observations from
patients who were in the study less than 60 days were also deleted (see Table A2 below).

Table A1: Observations That Were Deleted From Dataset
(likely to be errors)

Study Patient Visit(s) Treatment
3069b  02-0234 7,8 BNS
03-0389 3 BNS
05-0250 1 BNS
11-0167 45 BNS
18-0331 8 CcT
3072b  01-0312 1 BNS
17-0420 1 BNS -
3100b  23-0512 7 CT

Table A2: Patients with <60 days on study deleted from dataset

Study Patient # of days in Slope Treatment
study
3069b 11-0172 47 29 BNS
3100b 17-0240 58 2.2 BNS
. 25-0256 49 0.0 BNS

5.5 Asthma Symptom Scores

=fficacy variables, such as daytime and nighttime asthma symptoms, were evaluated in the studies. The studies were
not powered to detect differences in the efficacy variables, however in evaluating the safety effects of budesonide as
compared to the contro! groups, it is useful to look at the potential numeric differences in these efficacy endpoints. The
changes from baseline were calculated by subtracting the last observation for asthma symptoms recorded from the
averag® of the last 14 days of the double-blind phase. (if the patients had already completed the double-blind phase
and were called back to.enter the open-label phase, the sponsor used the data from Visit 6A, see footnote #1, page 2).
There were small differences (0.01 - 0.04) in change in daytime and nighttime symptoms (on a scale of 0-3) favoring the
budesonide group in Studies 3069b and 3100b. For comparison purposes, in the double-blind phase of the studies, the
differences with piacebo were statisticaily significant and ranged from 0.26 to 0.44 units.

Tabile A3: Efficacy Resulls
3069b 3072b 3100b
CcT BNS CT BNS CT BNS
Change in Nighttime Asthma Sx -0.05 -0.09 -0.04 -0.03 -0.08 -0.10
Change in Daytime Asthma Sx -0.09 -0.10 -0.02 -0.02 -0.10 -0.09

See Dr. Chu’s review for a more extensive summary of the efficacy results.

Reviewer Comment

The baseline data used in these analyses was dlfferent for the patients who had a t/me-lapse between phases and the
patients who entered the open-label phase immediately after the double-blind phase. Further, the baseline data was
different for the patients with no-time lapse who were previously on BNS from those previously on placebo.

Of the 60% of patients who entered the open-label phase and who had been randomizéd’i BNS in the double-blind
phase, the baseline data are not useful for determining the efficacy of treatment in the open-label phase. Therefore, the

differences in average changes in the efficacy parameters are not useful for determining the relative efficacies of the
treatments in these studies.
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5.6 Prednisone Use
Intermittent courses of oral prednisone were allowed for the control of asthma exacerbations, as judged necessary by
the investigator. Prednisone has been shown to cause growth delay. The relationship between prednisone use,
severity of asthma and growth velocity is complex. Since healthier patients may grow faster, it could be postulated
that in comparison to the patients who did not use prednisone, the patients who did use it would either:

= grow slower because the patients who need to use prednisone probably have poorly controlled asthma; or

« grow faster because the asthma of the patients who use prednisone is more controlled.

Figure A5

Severity «——————® Prednisone

of Asthma /

Growth Velocity

Dropout rates and age may be related to these factors as well. For this reason, the use of prednisone in the studies
was explored. Recall that the prednisone use was different between treatment groups in ail three studies. A lower
percentage of BNS patients used prednisone (at least once) in each of the three studies.

Table A4: Prednisone Use
- (using reviewer’s ITT dataset)
# (%) of patients who used prednisone at least once*

Study 3069b Study 3072b Study 3100b
cT 45/74 (1) 18/26 (69) 55/74 (63)
BNS 82/167 (49) 34/55 (58) 104/177 (54)

*Note that in calculating the percent of patients who used prednisone at least once, the

- sponsor included all the patients randomized (about 30% of whom they did not inciude in
the calculations of their estimates of mean growth velocity), therefore the sponsor reported
percentages that were different from these. The sponsor’s percentages were more
comparable across treatment groups.

The prednisone users appeared to be similar in terms of dropout rate and age (see Table A5 below). The two
exceptions were in the Study 3069b BNS groups, the prednisone users were younger, on average than the non-users.
The opposite was true in Study 3100. The growth velocity difference in Study 3069b (favoring CT) was present among
the prednisone users only. Again, the opposite was true in Study 3100b.

Table A5: Descriptive Statistics of Prednisone Users and Non-users

3069b 3072b 3100b
CT BNS CT BNS CcT BNS

N= 74 N= 167 N =26 N =55 N=74 N=177
Prednisone Users ]
# (%) Dropouts 9/45 (20) 4/81 (5) 0/18 (35) 2/34 (6) 9/55 (16) 7/103 (7)
Average Age (months) 60 52 87 80 56 56
Average GV (cm/yr) 7.6 6.8 4.9 5.7 6.7 7.0
Prednisone Non-Users ' : .
# (%) Dropouts 6/29 (21) 7/86 (8) 0/8 (0) 2/25 (8) 4/32 (13) 7/88 (8)
Average Age (months) 62 66 88 83 69 57
Average GV (cm/yr) 6.7 6.5 47 5.6 6.0 7.1

Of the patients who used prednisone, there were differences in amount of use between the studies.
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Table A6: Prednisone Use
(includes patients in reviewer's ITT dataset who used Prednisone at least once)

3069b 3072b 3100b
CT BNS CT BNS CT BNS
n=45 n=82 n=18 n=34 n=55 n=104
Total pred dose (mg)
Mean 286 338 591 407 350 343
Median 220 180 325 286 220 259
Total # days of OC
Mean 12 16 15 12 15 13
Median 11.0 9.0 9.0 9.5 13.0 8.0
# (%) used =30 days 0 (0) 12* (15) 2(11) 3(9) 5(9) 9(7)
Max # days used 28 87 67 35 100 80
# (%) patients <4 years 14 (31) 35 (43) 0 0 24 (44) 41 (39)

*The mean growth velocity of the 12 BNS patients who used prednisone =30 days was 7.1 cm/fyr. One of the 12 patients was a 15
month old (Patient #04-0587) whose estimated growth velocity was 11 cm/yr.

Prednisone use was highly skewed especially in the Study 3069b BNS group (see graphs below). In Study 3069b, the
mean total prednisone dose, the mean total number of days, and the percent of prednisone users who were under four
years was greater among the BNS patients. Further, 15 percent of the BNS prednisone users used it for more than 30

days compared to zero percent of the CT users. In general, the use was similar in Studies 3072b and 3100b with
slightly greater use among the CT patients. Patient #26-0267 in Study 3100b used prednisone for 100 days. The
estimate of the treatment effect was calculated with and without this-patient and found to be identical (without patient
#26-0267: -38 cm/yr). In Study 3069b, the mean growth velocity of the 12 BNS patients who used prednisone 230

days was 7.1 cm/yr, greater than that of the prednisone non-users. One of the 12 patients was a 15 month old (Patient
#04-0587) whose estimated growth velocity was 11 cm/yr.

Figure A6: Histograms of Number of Days of Prednisone Use in Patients Who Used Prednisone At Least Once
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Note that the patients in Study 3069b who took prednisone grew faster, on average, than those that did not, especially

among the CT patients. The average age of the CT patients was only slightly younger in the prednisone user group
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therefore the difference did not appear to be due to differences in age. Perhaps the well-controlled asthma among the
patients who took prednisone in the CT group led to an increased growth velocity.

In Study 3069b, the difference in growth velocities (CT superior) was evident among the prednisone users only
(Prednisone-Users: 1.2 cm/yr difference in means, Non-users 0.02 cm/yr). The opposite was true in Study 3100b (BNS
superior, Prednisone Users: 0.3 cm/yr difference in means; Non-users: 1.1 cm/yr). The differences were about the
same in the Study 3072b users. The different results in the three studies make it difficult to draw conclusions about the
bias that may have been introduced by prednisone that would explain the results from all three studies.

APPEARS THIS WAY
ON GRIGINAL
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5.7 Dropouts

With the exception of Study 3072b, the patients in the CT group dropped out more often than those in the budesonide
group.

At ten months the dropout rates were different between treatment groups in Studies 3069b and 3100b.

Table A7: Number and Percent of Patient Discontinuation®

Study 3069b Study 3072b - Study 3100b
cT 31/90 (34) /30 (13) 29/103 (28)
BNS 24/182 (13) 7/61 (12) 26/204 (13)

* Discontinuation is defined here as: completed less than 10 months of the study.

Of the patients who had at least three datapoints and 60 days on-study (reviewer's ITT dataset), the percentages of
dropout were smaller but the relative differences in dropout were similar. The one exception was Study 3072b which
had a greater percentage of dropouts in the BNS group in this subset of patients.

Table A8: Number and Percent of Patient Discontinuation 9
(using patients in the reviewer's ITT dataset)
Study 3069b Study 3072b Study 3100b
CT 15/74 (20.3) 0/26 (0) 13/87 (14.9)
BNS 12/168 (7.1) 4/59 (6.8) 16/193 (8.3)

Reviewer Comment

The direction and magnitude of effect the differential dropout rates in Studies 3069b and 3100b had on the study resulits
is difficult to determine. Both the analyses with and without the dropouts are affected by this problem because

- excluding patients who drop out due to an event related to the outcome variable (such as disease severity) biases the
results; and including the patients who do not have at least 10 months of data biases the results because the potential
effect of the drug on growth may be cumulative over time.

Differential dropouts in age groups between treatment groups in Studies 3069b and 3100b (the studies with younger
children) further complicate the issue due to the wide range of growth velocity between children ages 0-1, 2-3 and 4-9
years. Therefore, mean and median (baseline) ages of the cohort of patients remaining in Studies 3069b and 3100b at
each month were examined (see Figures A7-A8 below). BNS patients in Study 3100b were, on average, younger, and
the pattern of median age in the study over time was different between the two treatment groups. The younger
patients dropped out at a greater rate on the CT arm than did the BNS patients.

APPEARS THIS way
ON ORIGINAL

18




Figure A7a: Study 3069b Means Figure A8a: Study 3100b Means
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The growth velocity curve for children is very steep from 0-1 years, less steep from 2-3 years and flatter still from 4-9

years (see Figure A4 in Appendix Section 5.2).

Since differential dropouts among different age groups of patients
could severely affect the results of the study, percentages of dropouts between treatment groups in all age groups were
calculated (see Table A9 below). In Study 3069b it appeared that a higher percentage of children under 2 years in the
BNS group (39%) dropped out than in the CT group (20%). The opposite was true in Study 3100b (BNS: 5%: CT:
50%). However in Study 3100b, most of the young discontinued patients dropped out before the second visit.
Therefore, they had no change from baseline height data. These patients were not included in either the sponsor's
analyses or the reviewer's analyses. .

Table A9: N, Mean & Medién Age of Dropouts By Age Group and By Time of Dropbut;

Study 3069b : Study 3100b
CT Total N Randomized =90 | BNS Total N Randomized = 182 | CT Total N Randomized = 103 | BNS Total N Randomized = 204
Age . Age Age Age ‘

NRand| N(%) Mean Med.|NRand] N(%) Mean Med.|NRand| N(%) Mean Med.] NRand | N(%) “Mean Med.
All Dropouts < 24 months, 10 | 2(20) 16 16 18 | 7 (39) 14 14 16 [ 8(50) 18 19 19 116 12 12
24 mos - 3yrs 18 8 (44) 37 37 45 & (13) 35 33 24 8 (33) 35 37 61 8(13) 41 42
>=4 years 61 20(33) 75 70 116 I 10 (9) 82 86 63 | 13(21) 78 74 123 I 17{(14) 82 84
Dropped out < 24 months 2 16 16 ; 3 11 11 | 6 20 21 1 12 12
before day 60 124 mos - 3yrs 2 a3 33 3 37 42 3 28 25 4 41 43
>=4 years 9) 75 73 4 82 86 5 87 87 7 85 84

Dropouts < 24 months 0 4 16 16 2 15 15 0

Between 60 24 mos - 3yrs 6 38 38 3 32 31 5 39 38 4 40 41
land 300 days |>=4 years 11 76 69 6 81 86 8 72 70 10 80 81

Of the patients who were included in the analyses, the percent of patients under 2 years was balanced across
treatments in Study 3100b, but not in Study 3069b (Study 3060b Completers: CT 14%, BNS 7%; Study 3100b
Completers: CT 11%, BNS 10%, see Table A10 below). Because the sample sizes were different, the 11 infants in the
BNS group at 10 months contributed less to the overall mean growth velocity estimate of BNS than the 8 infants in the
CT group did to the growth velocity estimate of CT. In Study 3100b, the two groups of infants contributed similarly to

the estimates of growth velocity.
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Table A10: N, Mean & Median Age of Patients In Reviewer's ITT and Completers Datasets

3069b 3100b
CT BNS CT : - BNS
Age Age Age Age

N (%) Mean Med. N (%) Mean Med.] N (%) Mean Med. N (%) Mean Med.

T < 24 months 8(1t) 19 20 13 (8 16 15| 10 (11) 18 19 18 (9) 18 19
24 mos - 3yrs 15(20) 37 36 42 (25) 35 36| 20 (23) 35 A4 57 (30) 36 36

>=4 years 51(69) 74 67 112 (67) 73 73 [ 57 (66) 78 78 | 116 (61) 72 67

Overall 74 61 61 167 59 58 | 87 60 59 ] 191 56 52

Comp |<24 months 8(14) 19 20 11 (7 16 17 8 (11) 19 19 18 (10) 18 19
24 mos - 3yrs 10 (17) 37 37 39(25) 35 36 |16 (22) 33 31| 53 (30) 36 36

|>=4 years 41(69) 74 67 106 (68) 73 73 } 50 (68) 79 80 | 106 (60) 71 67
Overall 59 860 60 156 59 59 | 74 62 66 | 177 556 B2

* Note that the means in this table are rounded off to the nearest integer, and the completers dataset includes patients who
remained in the study at least"10 months. Therefore, the overall averages and medians in this table correspond to the values in
Figures 3 and 4 at 10 months, rounded off to the nearest integer.

Figure A7b above demonstrates that the children in Study 3100b on the CT arm were older than the children on the
BNS arm. This difference is evident only among the children 4 years and older (see Table 13 above). The
percentages of children in each age group are evenly distributed across treatments and the mean and median ages of
the children in the “<24 months” and “2-3 yrs” age groups are similar as well. The only age group that is different is the
“4 yrs and older” (Median age CT: 80 months or 6.7 years; BNS: 67 months or 5.6 yrs). Since the greatest
representation is of the oldest age group, this difference was clearly evident in the graphs of the overall means and
medians.

Reviewer Comment

The high rate of initial dropout among the younger children in both studies is indicative of the difficulties of performing
these long-term growth studies in young children with asthma. The open-label nature of these studies coupled with the
high incidence of dropout before the second visit decrease the confidence in the estimates of treatment difference
because the fundamental part of a clinical trial, randomization, was violated by self-selection into the study.

The greater percent of children under 24 months on the CT arm in Study 3069b may bias the results in favor of CT.
However, the average age of the children under 24 months on the CT arm is actually 3 months greater than that of the
patients on the BNS arm under 24 months. The wide range of normal growth velocity of children under 24 months (50"
percentile: 8-17 cm/yr, see Figure A3 in Appendix Section 5.2) means that an average difference of three months could
translate into an average growth velocity difference of at least 1 cm. Therefore, it is difficult to determine the direction
of the overall bias introduced by the difference in percent of children under 24 months and the difference of mean age
of these patients.

Among the older cohort of patients >4 years) in Study 3100b the BNS children were, on average, 1 year younger. The
growth velocity curve of children is not as steep as it is among children <2 years. Therefore, the fact that the children

PY T

are younger on the BNS am in Study 3100b (among the cohort of older children) may not affect the growth velocity
differences as much as the differences in age did in children <24 months in Study 3069b.

APPE"QQ
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5.8 Individual Patient Graphs *

The change from baseline in height (cm) is graphed for each patient on the following pages. The patients are sorted by
study, treatment and patient identification number, in that order. Printed above each graph are the patient’s
identification number, age (in months), and gender (*M” or “F”). If the patient used oral corticosteroids at all during the
study, .the measurements are connected by a dashed line and the total amount of oral corticosteroid use is printed in
milligrams and number of days on the graph. :

APPEARS THIS way
QK GRIGINAL
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STATISTICAL REVIEW AND EVALUATION

CLINICAL STUDIES
Date:
MAY 6 I998
NDA#: 20-929
Applicant: Astra USA, Inc.
Name of Drug: ~ Pulmicort Respules (budesomde nebulizing suspensnon)
Indication: Asthma

Documents Reviewed: 7-18-97, 7-25-97 IND 044535 (electromc data and study reports

submitted to IND 44, 535)
11/20/97 NDA 20-929
1-7-98; 3-6-98

fax: 3/27/98 .
Statistical Reviewer: Barbara Elashoff, M.S.
Medical Input: Shan Chu, M.D.
Summary

The applicant has submitted three placebo-controlled 12-week studies (Study 3072, n=178; Study
3069, n=359; Study 3100, n=481) to support the claim that budesonide nebulizing suspension is safe
anH effective in reducing the symptoms of asthma in children ages =" oeightyears. —

—_— A four-point rating scale
was used to assess nighttime and daytune symptoms, separately In these studles reductions in
nighttime symptoms ranged from -.08 to -.16 units for placebo and -.36 to -.49 units for active drug.
The reduction in daytime symptoms ranged from -.11 to -.26 units for placebo and -.37 to -.57 units
for active drug. Studies 3069 and 3100 continued as open-label safety studies for an additional year.
The sponsor submitted the results of the open-label part of Study 3069. (Study 3100 was not yet
complete at the time the NDA was submitted.)

The studxes were designed to demonstrate that BNS is efficacious for both nighttime and daytime

symptoms. Therefore, statistical significance on both nighttime and daytime symptoms was

necessary for the results of a treatment group to be declared sta'ustlcally significantly different from
placebo.
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included both dosing regimens (two QD and two BID). The results of the studies should be
examined cautiously because there is an increased likelihood of statistical significance when making
multiple compansons between each of the dose groups and placebo.

Efficacy of the .25 mg BID dose group v was clearly established in both studies in which it was
included (3072 and 3100)

The results for the .5 mg BID group (for both daytime and nighttime symptoms) in Study 3100, and
for daytime symptoms in Study 3072 strongly supported efficacy. The .5 mg.BID dose group did not
achieve statistical significance for nighttime symptoms after adjusting for'm@tiple comparisons
(each dose with placebo). However, the treatment effects were almost identical to those of the other
two groups which did achieve statistical significance. In addition, the .5 BID group performed better




than the .25 BID group in a number of secondary efficacy variables. Therefore, the results from
Studies 3072 and 3100 support an efficacy claim for the .5 mg BID.

The results of the 1.0 mg BID dose group were statistically significant for both nighttime and
daytime symptoms in Study 3072, but these results were not replicated as the 1.0 mg dose group was
not included in another study.

The only once daily dose that relieved both daytime and nighttime symptoms (after adjustment for
multiple comparisons) was .25 mg QD in Study 3069. However, this finding of statistical
significance was not replicated in Study 3100.

Overall, the results of the studies demonstrate efficacy of the BID dose groups. In addition, there

was no apparent increase in efficacy in the primary variables with i mcreasmg dose above the .25 mg
BID dose in any of the studies.

Studies 3069 and 3100 included a total of 122 patients less than two years old (99 of these were on
BNS). The treatment effects for the patients 2 years and younger were similar to those above two

years for both daytime and nighttime symptoms in both studies, despite the fact that the symptoms
were not self-reported. '

After patients completed the 12-weeks of double-blind treatment period in Study 3069, they had the
option of continuing in the open-label phase (called Study 3069b), if they met entrance requirements.
89% of the patients continued. This study suggested that BNS affected growth velocity (at a rate of
approximately .76-.85 cm/year), however, these findings should be regarded cautiously in the
context of the problems with the study design which may have over- or under-estimated the
treatment effect (i.e., unblinded treatments, self-selection into the study, previous use of study drug
with no washout period, sensitivity of results to posr-hoc selection of data and analysis, and
differential prednisone use).
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1. Efficacy

1.1 Introduction

Table 1: Primary Efficacy Studies*

sodium, nedocromil
sodium

Study Number
04-3069 04-3072 04-3100
(N=359) (N=178) (N=481)
Dates Conducted 8/94-12/95 5/94-11/96 _5/95- 6/96
Dose Regimen (all QD Placebo Placebo Placebo0.25 mg QD0.25
doses dosed in the 0.25 mg QD 0.25 mg BID “mg BID0.5 mg BID1.0 mg
 morning) 0.5 mg QD 0.5 mg BID QD
1.0 mg QD 1.0 mg BID
Patient Population
-Ages . 6 months to 8 years 4-8 years 6 months to 8 years
-Severity of Asthma - Non-steroid dependent | Inhaled steroid dependent | mild to moderate asthmatic
asthmatic patients asthmatic patients patients
Treatment Period 12 weeks 12 weeks 12 weeks
Number of 28 investigators at 26 sites| 18 investigators at 17 sites| 38 investigators at 38 sites
Investigators/Sites A .
Primary Endpoints Daytime & Nighttime Sx | Daytime & Nighttime Sx | Daytime & Nighttime Sx
Asthma Medications Bronchodilators, cromolyn| Inhaled steroids (required),| Inhaled steroids (optional),
allowed prior to sodium, nedocromil bronchodilators, cromolyn| bronchodilators, cromolyn
randomization sodium sodium, nedocromil

sodium

*All studies used the Pari LC-Jet Plus/Pari Master Nebulizer/Compressor System.

Baseline Run-In Period

All studies had a baseline run-in period of 2-3 weeks. The patients who had a score of 1,2 or 3 for
daytime or nighttime asthma for at least 5 of the 7 last days of baseline were randomized. The averages
of the symptom scores from the patients’ last 7 days of baseline period were used as the bascline scores.

Entrance Requirements

The patients enroiled in Study 3072 were older (4-8 years) and had more severe asthma (required
inhaled steroids) than those in the other studies. However, the baseline scores of daytime and nighttime
asthma and PEF scores, were similar across the studies (see Appendix Tables 1-3). ‘

Stratified Randomization
For Studies 3069 and 3100, the randomization was stratified, based upon the patients’ ability to

perform Pulmonary Function Tests (PFTs). The ability to perform was related to the patients’ age.
Most patients able to perform PFTs were between five to eight years, while most patients unable to
perform PFTs were between 6 months and four years of age.

-3



1.2 Efficacy Variables

1.2.1 Primary Efficacy Variables

The two co-primary endpoints in all three studies were the changes from the average of the last 7 days of
the baseline period before randomization to the average of the double-blind phase (Weeks 0-12) for

both daytime and nighttime asthma symptoms (scale 0-3). Daytime and mghttlme assessments were
reflective over the previous 12- hour period.

Reviewer Comment ‘

The studies were designed to detect statistically significant differences between pIacebo and BNS for both
nighttime and daytime symptoms, therefore no multiple comparisons adjustment was needed for making
these two comparisons. (However, a multiple comparisons adjustment was needed to make the three -
Studies 3069 & 3072- and four -Study 3100- comparisons between the various doses and placebo in each
study. The Step-Down Procedure could not be used in Study 3100 because there were two dosing
regimens that yielded the same total daily dose. The sponsor chose not to specify any multiple
comparisons procedure before breaking the blind,)

Daily Diary Cards
Each patient or caregiver assessed the patient’s symptoms and recorded the scores in daily cGiary cards.

Reviewer Comment :

The patients who were old enough to assess their own symptoms and record the scores themselves :
presumably did so. In a telecon dated November 15, 1996, Astra stated that the person who filled out the
diary card was not recorded on the case report form, therefore, they did not know if the recorder was the
patient or the parent. In pediatric studies (ages 4 and above) the results of the patients’ global
assegsments and the parent’s global assessments are not always similar, indicating that the outcome
variables in Studies 3069 and 3100 (with patients <4 years) may be related to who filled out the diary

cards, a factor that cannot be modeled. In these studies, there are three types of patient diary
assessments:

1. those filled out by the patient;

2. thosef lled cut by the parent, but the child is speaking and can communicate symptoms to the

parent: and
parent; and

3. those filled out by the parent, and the child is too young to communicate symptoms to the
parent.

Therefore, these results should be interpreted with caution.

1.2.2 Secondary Efficacy Variables

The sponsor pre-specified several secondary efficacy variables:

1. Number of days use of breakthrough medication; , - %
2. The amount of breakthrough medication used;
3. Overall discontinuation rate;



4. Treatment failures (defined as worsening of airways symptoms, becoming intolerable or resulting in
unacceptable risks to the patient and/or requiring the use of non-permitted asthma medications and/or
hospitalization) ' '

. Health status (Study 3069 only),

Health care utilization (Study 3069 only);

Indirect economic endpoints (Study 3069 only);!

. PFT’s (For Studies 3069 & 3100, the following variables were only assessed in the subpopulation of
patients who were able to use peak flow meters correctly);

a) morning PEF

b) evening PEF;

c) FEVy; B

d) FVC with corresponding FEF3s.7se at the clinic setting

0w

1.3 Statistical Analysis .

The primary efficacy analysis was an analysis of variance (ANOVA) with the change from baseline as
the dependent variable and center and treatment as factors. Baseline was not included in the model.
Center was included in the model and represented more than one investigator at certain centers.

Reviewer Comment '
There was more than one investigator at some centers and the factor “center” in the model represented
each investigative site rather than each investigator. Therefore, center effect does not fully account for

investigator-to-investigator differences in assessing and treating a patient (only variability associated
with other effects, i.e., location and pollen levels).

In a telecon dated November 15, 1996, the FDA recommended that the sponsor use some type of
multiple comparisons procedure because the sponsor was planning to look at the comparisons of each
dose with placebo. FDA advised the company to rewrite the statistical analysis plan including this
analysis (regarding the multiple comparisons problems) and resubmit it to the FDA. The company did
not rgsubmit an analysis plan before the blind was broken, but did use the type of multiple comparisons
procedure that FDA recommended in the telecon (the Dunnet-type adjustment). '

The sponsor used
1) a Dunnett-type adjustment procedure for the analysis of the primary efficacy variables; and -
2) the Step-Down Procedure by Dunnett and Tamhane to determine the minimal effective dose.

The Dunnett-type adjustment procedure adjusts the standard deviations of the means to account for the
increase in the uncertainty of the results. However, it compares the means of the treatments across all
centers; it does not adjust for center. When the means and confidence intervals of the differences
berween placebo and BNS groups are close together, center may have an impact on the relative

" magnitudes of the different dose results. (This phenomenon occurred in Study 3072, discussed in
Jootnote #2 on page 11

The Step-Down procedure is only applicable in the two studies in which the total daily doses are
different. (Study 3100 has two total daily doses that are equal.)

! The secondary endpoints, Health Status, Health Care Utilization and Indirect Economic Endpoints, are not discussed in this
review.
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1.4.1 Demographics

Gender

The basic demographic characteristics were similar for the four treatment groups in all three studies,
with the exception of gender in Study 3072 (see Appendix Tables 4-6). In Study 3072, the majority of
patients in the BNS groups were male (ranging from 61.8% - 71.4%) and the majority of patients in the
placebo group were female (54.5%). The difference in proportions of males between the placebo group
and a combination of all BNS groups was statistically significant (21.7%; p=.0125).

Reviewer Comment
Possible differences between treatment effects across gender are discussed w1th the results of the
studies, see Section 1.4.9, page 15. The treatment effects appeared to be similar in males and females.

Age Distribution

- The patients in Study 3072 were between the ages of 4 and 8 years old, whereas the patients in Studies
3069 and 3100 were as young as 6 months. There were 15 patients less than one year old on active
treatment in Study 3069 and 12 in Study 3100. However, most patients were older than three years.
Figure 1 is a bar chart of the percent of patients in each age group. The number of patients in each age
group is printed above each bar. Means and standard deviations of age are presented in Appendix
Tables 4-6.

Revtewer Comment

ossible differences between treatment effects across age subgroups are dzscussed with the resullts of the
studzes see Sectionl.4.9, page 15. The treatment effects appeared to be similar in the patients under
and over two years of age.

Figure 1
Age Distributions Within Stedy
3069 : 072 3100

Sab
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1.4.2 Baseline Scores

The baseline values of daytime and nighttime asthma scores and pulmonary function tests were similar
across treatment groups, see Appendix Tables 1-3. The entrance requirements for Study 3072 included
a requirement that the patients be on inhaled steroids prior to randomization, wif§eas this was optional
in Study 3100, and not allowed in Study 3069. The baseline asthma symptoms in Study 3072 do not
appear to be any higher, and the pulmonary function test results any lower, than those in the other two
studies. (Perhaps due to the fact that the patients were using inhaled steroids.) :



The baseline means of the patients less than 24 months in Studies 3069 and 3100 are similar to those of

patients greater than 24 months, see Table 2 below. -
Table 2: Basellne Asthma Symptoms By Age Group
Daytime Nighttime
Study’  Age Group n mean stddev | mean std dev
3069 <24 months 52 1.27 .55 1.25 .64
>24months 306 § 135 .53 1.19 .51
3100 <24 months 70 1.37 S1 1.31 64
>24months 401 { 127 .50 1.20 .62

1.4.3 Dropouts

Table 3: Summary of Patient Discontinuations

Placebo

26

0.25
QD

17

0.25
BID

0.5
QD

0.5
BID

1.0
QD

1.0

BID

20

.13,”

total discontinued

nw 19 ’

(%) 28%) § (19%) (24%) (14%) (21%)
p-value 0.1630 0.6070 0.0196
discontinued due to n 21 13 14 12 . 60
worsening asthma ) | (23% Q4Z) (17%) (13%)

39
(%) (43%) (13%) (12%) 20%) § (22%)
p-value 0.0019 0.0016 0.0232
discontinued due to n .16 5
worsenmg asthma 1 (36%) (1 l"/)
10D CREE T T
total dlscontmued n 37 20 21 126
(%) (39%) | 21%) (21%) (19%) (31%) (26%)
p-value 0.0110 0.0079 0.0041 0.2861 :
discontinued due to n 25 15 13 i5 20 88
worsening asthma (%) (26%) & (16%) (13%) (15%) (21%)
P-values are from a two-sided Fisher’s Exact test comparing each BNS dose to placebo.

¢ Study 3069: A total of 76 (21%) randomized patients were dxscontmued from the treatment phase
of the study. Sixty of these 76 discontinuations (79%) dropped out due to worsening symptoms of
asthma. The proportion of the patients in the placebo group that dropped out was greater than that

of any of the treatment groups, as was the proportion of patients who dropped out due to worsening
symptoms of asthma.

e Study 3072: A total of 39 (22%) randomized patients were discontinued from the treatment phase
of the study. Twenty-eight of these 39 discontinuations (72%) dropped out due to worsening
symptoms of asthma. A Fisher’s Exact Test was used to analyze the differel%s in proportions of
patients who dropped out between the treatment groups. The proportion of dropouts in the placebo
group was statistically significantly greater than that of each of the treatment groups. In addition,
the proportion of dropouts who dropped out due to worsening symptoms of asthma was statistically
significantly greater than that of each of the treatment groups.



o Study 3100: A total of 126 (26%) patients were discontinued from the double-blind treatment

~ phase of the study. Eighty-eight of these 126 discontinuations (70%) dropped out due to worsening
symptoms of asthma. The proportion of the patients in the placebo group that dropped out was

~ greater than that of any of the treatment groups, as was the proportion of placebo patients that
dropped out due to worsening symptoms of asthma. The proportion of patients in the placebo
group that dropped out was statistically significantly greater than that of the .25 QD and BID groups
and the .5 BID group. The proportion of patients in the placebo group that dropped out due to
worsening symptoms was statistically significantly greater than that of the .25 BID group.

Reviewer Comment ’

Of the three studies, Study 3072 (the study of steroid dependent asthmatics, 4-8 years of age) had the
most pronounced difference in dropout rate due to worsening symptoms between the placebo group and
the BNS groups. This large imbalance affected the results of the ITT analysis (using last observation
carried forward for missing values) and the results of the per protocol analysis (using data from
patients who completed the study). The placebo group had the highest rate of dropouts due to
worsening symptoms. Therefore, the average placebo response in the per protocol population was
greater than that in the ITT population, yielding smaller differences between BNS and placebo in the
per protocol analysis. Conversely, this large imbalance yielded larger differences between BNS and
placebo in the ITT analysis, because the high symptom scores of the patients who dropped out (due to
worsening symptoms) were carried through to the end of the study.

Age Differential Dropout :

The patients less than 2 years old in Studies 3069 and 3100 dropped out more often than did the older
children, see Table 4 below. In Study 3069, by the tenth week, the dropout rate for the younger
children and infants was almost twice that of the older children, (32% for the <24 months vs. 19% of
the >24 months). In Study 3100, these percentages were 35% and 26% for the younger and older
childfen, respectively. Further, the younger children in Study 3069 dropped out earlier than the older
children: by the third week, 15% of the younger children had already dropped out whereas only 5% of
the older children had left the study. The distributions of the dropout rate between age groups were

similar across treatment groups in both studies. Therefore, these observed differences may have had
little effect on estimates of the overall treatment effect. The possible difference in treatment effects of

—Eadll UG aiiiw,

the subgroups is discussed in Section 1.4.9, page 15.

Table 4: Dropouts by Age Subgroup

N (%) completed | Totaln
<10 weeks
Study 3069 <24 months 17 (32%) 53
> 24 months 57 (19%) 306
Study 3100 <24 months 25 (35%) 71
> 24 months 106 (26%) 410
1.4.4 Primary Efficacy Variable | -3

Below is a summary table of the results of all the studies.

Table 5: Summary Table of Results of all 3 Studies
Sample Size



increasing dose. The mean changes from baseline for the .25 mg BID, .5 mg BID and 1.0 mg BID
groups were: -0.45, -0.53, -0.55, respectively. The p-value for the linear contrast was not statistically
significant (p=0.5334). Nighttime symptoms did not increase with increasing dose.

e Study 3100: Treatment groups with both BID and QD dosing were included in this study. The BID
dose groups were more effective than the once daily dosing regimens, after adjusting for multiple
comparisons. Only the results of the .25 mg BID and .5 mg BID groups were statistically
significantly different than placebo for both daytime and nighttime symptoms. Dose Response: For
nighttime symptoms, the treatment effect of .25 mg BID was numerically superior to that of the .5

mg BID dose group, whereas the opposite occurred for daytune symptoms. Therefore, efﬁcacy did
not increase with increasing dose. .

Reviewer Comment _

The results of the studies should be examined cautiously because of the increased likelihood of
statistical significance when making multiple comparisons. After adjustment for multiple comparisons
using the Dunnett-type adjustment, only the .25 BID dose is consistently statistically significant in more
than one study. However, the results describing statistical significance should not be the only factor in
determining efficacy. 95% confidence intervals of the differences in the means (before and after
adjustment for multiple comparisons) are presented in Figure 2. The graphs depict the strength of the
results of the studies (rather than just a significant/not significant result). Overall, results of the three
studies support the conclusion that there was a statistically significant difference in reduction of

" nighttime and daytime symptoms between the twice daily dosing of BNS and placebo. There was no

increase in effect with increasing dose. The efficacy of the once daily dosing of BNS was not
demonstrated.
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Figure 2: Treatment Effects Before & After Multiple Comparisons Adjustment
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1.4.5 Secondary Efficacy Variables

There were a number of secondary efficacy variables in the three studies. In general the results were

. similar to the results of the primary efficacy variables: the BID dose groups consistently performed well
compared to placebo across studies, whereas the results of the QD dose groups were not consistent
across studies. Details are provided in the appendix Tables 7-11, pages 40-43.

1.4.6 Center Differences’

It was difficult to compare the results across centers because there were four to five treatment groups in
the studies. Combining the active treatment groups provided a way to identify differences of an overall
“BNS” treatment effect across centers. None of the centers appeared to dominate the analysis, see
Appendix Figures 1-6. With the exception of a large negative effect in Center #9 in Study 3100, there
were no obvious differences between centers in any of the studies. The p-value of the center-by-
treatment interaction in the analysis of nighttime symptoms in Study 3100 was 0.1004.2

Reviewer Comment
The marginally statistically significant center-by-treatment interaction in Study 3100 was probably due
to Center #24, with nine patients. Twenty-two of the 33 centers favored the combined BNS treatment

group, therefore, it is likely that the negative treatment effect from Center #24, one of the smallest
centers, was an anomaly. '

1.4.7 End of Dosing Interval

The treatment effect of BNS was assessed at the end-of-dosing interval for patients who could perform
pulmonary function tests (PFTs) (see results in appendix page 41). For the patients who were too
young to perform the tests, there was no end-of-dosing interval assessment recorded.

L d
Reviewer Comment |
The patient population for which there was end-of-dosing interval data was somewhat undefined
because there was no strict age cutoff for the PFTs. Some patients between the ages of 4 and 5 were
able to perform the tests, and some were not. Therefore, these test resulis are difficult to strictly apply
to specific age groups.

1.4.8 Onset of Action and Sustained Effect

The sponsor would like to define onset of action as the first occurrence of a statistically significant
difference between the treatment and placebo. Using this definition, the sponsor determined the onset
of action to be between a few days to two weeks. The sponsor included graphs of the means of the data
for the first 14 days and weekly data (2-week averages) using last observation carried forward to
support this claim. The results were sporadic through the first two weeks, (see the medical officer’s
review for the sponsor’s graphs of the first 14 days). After two weeks, the large differences between
BNS groups and placebo appeared to be sustained through the remaining weeks of the studies, see
Appendix Figures 7-10. - i

? Three centers in Study 3100 were excluded from the graphs because they did not have any patients in the placebo arm and

there was no way to estimate a treatment difference. One center was excluded because it had only 1 patient on placebo and 1
on BNS. A variance around the treatment effect in this center could not be calculated.
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Reviewer Comment :
The two terms, “onset of action” and *sustained effect” are closely related and therefore are discussed
together in this review. The sponsor would like to define onset of action as the first occurrence of a
statistically significant difference between the treatment and placebo. An alternative definition of onset
- of action could be the time until the symptom scores reach a difference from placebo, the approximate
magnitude of which is generally maintained throughout the trial. Sustained effect may be defined as the
maintenance of treatment effect throughout the trial. It appears as though the onset of effect and the .
maintenance of that effect was different for different treatment groups and different symptoms.

The percentage of dropouts in the three studies was 21%, 22% and 26%, for Studies 3069, 3072 and
3100. The sponsor carried forward the last observations of the dropouts to impute missing values. The
sponsor’s graphs are of means calculated using the data carried forward. The numbers of actual
patients remaining in the study, recording actual symptom scores, contributing to each mean decreases
as the time variable on the x-axis increases. Further, after some patients have dropped out, as the time
variable increases, the number of days since dropout increases making the last value of each dropout
patient a poorer and poorer estimate of what the patient would have recorded had s/he stayed in the

- study. Meanwhile, as the time variable increases, the ratio of the number of such poor estimates used
in calculating each mean increases relative to the number of real values.

This reviewer used “all available data” instead of imputing missing values with the last observation,
see Appendix Figures 11-16. Two columns of graphs are presented per page. The graphs in the first
column of each page are the “change from baseline” graphs. The graphs in the second column of each
page are the means of the “observed values” at each visit. The numbers at the top of the change score
graphs identify the numbers of patients remaining in the study at each time interval in each treatment
group (the BNS groups were combined to accommodate space). The numbers of patients remaining at
each time point in “observed values” graphs are identical to those in the “change from baseline”’
graphs, but not printed for simplicity. Graphs of the means of days 1-21 and of one week intervals are
presented. These graphs should be used in addition to the sponsor’s graphs to assess the onset of
actiog and to determine if the treatment effect is sustained throughout the 12 weeks. The patients who
remained in the trial generally had lower symptoms than of those who dropped out. The placebo
patients had the highest rate of dropout (see Table 3, page 8), thus the placebo symptom score means,

in the “all available data” graphs were closer to the BNS groups than they were in the sponsor’s
LOCF graphs.

Overall, for the two symptom scores, the treatment effects of the different BNS groups appeared io start

acting between days 7 and 21, depending on the symptom and the dose level. The treatment effect
appeared to be sustained throughout the remaining weeks of the trials.
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1.4.9 Subgroup Analyses

Gender
Recall that in Study 3072, the majority of patients in the BNS groups were male (ranging from 61.8% -
71.4%) and the majority of patients in the placebo group were female (54.5%). The difference in
proportions of males between the placebo group and a combination of all BNS groups was statistically
significant (21.7%; p=.0125). The treatment effects were assessed in the two different treatment groups
using a model including a gender-by-treatment interaction term. The males had a slightly larger
treatment effect for both daytime and nighttime symptoms, but the differences between males and
_females were small and not statistically significant, see Figure 3 below.

Figure 3

Study 3072: Treatment Effects and 95% Confidence Intervals
For Females & Males .

i ©  pales: BNS n=80; Pla na20
Daytime Symptoms : ®  Females: BNS nmd4; Pia n=24
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Age

BNS is the first glucocortlcostermd to be studied in patients less than two years old, therefore it is of
interest to examine whether there is a different treatment effect among these patients than there is
among the patients older than two years.

Figures 4 and 5 below are graphs of the treatment effects and 95% confidence intervals for the different
age groups in Studies 3069 and 3100. (The patients in Study 3072 were 4-8 years old.)
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Figure 4
Study 3069: Treatment Effects and 95% Confidence Intervals

For Each Age Group
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Figure §
Study 3100: Treatment Effects and 95% Confidence Intervals
__For Each Age Group
©  .>2yrs: BNS n=323; Pla n=78
|Dsytime Symptoms ®  «<=2yrs: BNS n=56; Pia n=14
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Reviewer Comment

Recall that the diary cards of the older children were presumably filled out by the patients themselves,
whereas the diary cards of the younger children were not. Despite this factor, it appears that the
treatment effects were similar for the different age groups. The treatment effect of nighttime symptoms
‘was actually numerically (but not statistically significantly) greater among the younger patients in
Study 3100 than in the older patients. This effect was not seen in Study 3069.

Inhaled Steroid Use Prior to Randomization

In Study 3100, 145 (30.8%) of the patients were on inhaled steroids up to randomization. The patients
not on inhaled steroids prior to randomization improved more than those on inhaled steroids, even
among the placebo groups for both nighttime and daytime symptoms. - i
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1able 6: Study 3100 Mean Changes from Baseline (not adjﬁsted for Center Effect)

Placebo 025mgQD 025mgBID 05 mgBID 1.0 mgQD
92 93 97. 96 93

Nighttime ' '

~-No Inhaled Steroids -0.25 -0.28 -0.53 -0.50 -0.40

-Inhaled Steroids* 0.08 -0.28 -0.39 -0.18 -0.39
Daytime 4 : '

-No Inhaled Steroids -0.34 -0.26 -0.47 -0.57 - -0.40

~Inhaled Steroids* -0.01 -0.44 -0.32 -0.28 -0.37

* Prior to randomization

1.5 Conclusions

The applicant submitted three placebo-controlled 12-week studies (Study 3072, n=178; Study 3069, -
n=359; Study 3100, n=481) to support the claim that budesonide nebulizing suspension is safe and
effective in reducing the symptoms of asthma in children ages: === . to eight years. A four-point
rating scale was used to assess nighttime and daytime symptoms, separately. In these studies reductions
in nighttime symptoms ranged from -.08 to -.16 units for placebo and -.36 to -.49 units for active drug.
The reduction in daytime symptoms ranged from -.11 to -.26 units for placebo and -.37 to -.57 units for
active drug. Study 3069 continued as an open-label safety study for an additional year (Study 3069b).

The studies were designed to demonstrate that BNS is efficacious for both nighttime and daytime
symptoms. Therefore, statistical significance on both nighttime and daytime symptoms was necessary for
the results of a treatment group to be declared statistically significantly different from placebo. (However,
a multiple comparisons adjustment was needed to make the three -Studies 3069 & 3072- and four -Study
3100- comparisons between the various doses and placebo in each study. The Step-Down Procedure
could not be used in Study 3100 because there were two dosing regimens that yielded the same total daily
dose. The sponsor chose not to specify any multiple comparisons procedure before breaking the blind.)
The rgsults of the studies should be examined cautiously because there is an increased likelihood of
statistical significance when making multiple comparisons between each dose and placebo. Overall, the ;
results of the studies appeared to demonstrate efficacy of the BID dose groups only. There was no
apparent increase in efficacy with increasing dose above the .25 mg BID dose in any of the studies.
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ess than two years old (99 of these were on
BNS). The treatment effects for the patients 2 years and younger ‘were similar to those above two years
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After patients completed the 12-weeks of double-blind treatment period in Study 3069, they had the
option of continuing in the cpen-label phase (called Study 3069b), if they met entrance requirements.
89% of patients continued. A review of Study 3069b is presented in the following section on safety.

-3
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2. Safety

2.1 Adverse Events

Safety evaluations included clinical laboratory results, physical examinations and adverse event

reporting.

There was no obvious relationship between dose of budesonide and percent of patients reporting
adverse events in any of the three placebo-controlled studies (see Table 7 below). The incidence of
adverse events was similar between the two treatment groups in the open-label extension of Study
3069, called Study 3069b. The percentages of patients with at least one moderate or severe adverse

event were similar across treatment groups as well.

Table 7: Summary Table of Percent of Patients who had at least one Adverse Event

Study Placebo 25mg 25mg Smg Smg 10mg 10mg | Total
QD BID QD BID QD BID Active
3069 88 84 85 86 85
3072 86 _ 83 86 80 83
3100 84 82 90 85 86 86
Conven- BNS
tional

3069b 94 95

The sponsor also presented results of proportional hazards model analyses for the one-year open label
study in order to take “time on study” into account when calculating the relative risk for each adverse
event. The average number of days the patients were in the open-label study was 342, (median = 364;
range 47- 424). None of the relative risks indicated a statistically significantly greater risk for the

BNS group. The relative risks of two events (pneumonia and abdominal pain) indicated a statistically

significantly greater risk for the conventional treatment group. Neither the sponsor nor the reviewing

medical officer had an physiological explanation for these findings.

2.2 Study 3069b

Study 3069b was a 52-week open-label extension of Study 3069 designed to assess safety factors. One
of the primary questions it addressed was whether BNS use was associated with growth impairment in
children. This study suggested that BNS may have affected the growth velocity at a rate of

approximately 0.76 - 0.85 cm/year, however, the findings should be regarded in the context of several

problems inherent in the study design (i.e., unblinded treatments, self-selection into the study, previous
use of study drug with no washout period, analyses not pre-specified in protocol), as well as a

confounding factor related to the study conduct (differential prednisone use).

-3
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2.2.1 Design

2.2.1.1 Introduction

The sponsor submitted Study 3069b, an open-label safety study, to support the claim that BNS does not
impair growth rate in children. Study 3069b immediately followed Study 3069, the double-blind
placebo-controlled study. There was no washout period between the double-blind and open-label
phases. The patients on placebo and BNS doses in Study 3069 were re-randomized in a 2:1 fashion to
maintenance levels of BNS (starting at .5 mg QD) and Conventional treatment (including beta2-
agonists, methylxanthines, and inhaled non-steroidal anti-inflammatory agents, but not inhaled
glucocorticosteroids) for the open-label study. The percentage of patients randomized to BNS in the
open-label phase who had previously been on BNS (74%) was similar to that of patients randomized to
Conventional treatment (79%), see Table 8 below.

Table 8: Number and Percent of Patients in each Open-Label Phase
treatment group who had previously been assigned to Placebo,
.25 mg, .5 mg and 1.0 mg groups in Double-Blind Phase

Double-Blind Phase Open-Label Phase
Treatment arm Randomized to Randomized to
, BNS Conv
- Placebo ‘ 47 (26%) 19 (21%)
25 mg 49 27%) 22 (24%)
S mg 43 (24%) 21 23%)
1.0 mg

All BNS groups together

+
Ll

The design of the study is displayed in Figure 6 and includes the numbers of patients in éach treatment
group. Three-hundred fifty nine (359) patients were randomized into the double-blind phase. Eighty-
seven of these patients did not continue in the open-label phase. The study report did not state how
many of these patients were eligible to continue but chose not to, and how many were ineligible. The
percentages of continuing patients were similar across treatment groups. The total number of patients
re-randomized was 272. However, 9 of these patients dropped out the samie day they were randomized
(presumably after they found out to which treatment arm they had been assigned). Therefore, the final
number of patients with data was 263. Seventeen more patients dropped out after only two visits.
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| Figure 6: Study Designs of Studies 3069 and 3069b

| Total Randomized
359

Oab

Totals:

Double-blind Open-label Total # # # with at # with at
Phase Phase Randomized to dropped least 2 least 3
. (Study 3069) (Study 3069b) Open-Label Study out on data- data-
first day points points
Placebo BNS BNS
92 47 (51%) 47 2 45 44
Conv. Trt. Conv
19 (21%) 19 1 18 16
25mg QD BNS BNS
91 49 (54%) 49 i 48 47
Conv. Trt.
22 (24%) 22 22 18
.50mg QD BNS .
83 43 (52%) 43 43 41
Conv. Trt. . Conv
21 (25%) 21 2 19 16
1.0mg QD BNS
93 43 (46%) 43 43 40
Conv. Trt. Conv
28 (39%) 28 3 25 24
359 272 o §= 263 246
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